A highly sensitive assay of IRE1 activity using the small luciferase NanoLuc: Evaluation of ALS-related genetic and pathological factors.
Activation of inositol-requiring enzyme 1 (IRE1) due to abnormal conditions of the endoplasmic reticulum (ER) is responsible for the cleavage of an unspliced form of X-box binding protein 1 (uXBP1), producing its spliced form (sXBP1). To estimate IRE1 activation, several analytical procedures using green fluorescence protein and firefly luciferase have been developed and applied to clarify the roles of IRE1-XBP1 signaling pathways during development and disease progression. In this study, we established a highly sensitive assay of IRE1 activity using a small luciferase, NanoLuc, which has approximately 100-fold higher activity than firefly luciferase. The NanoLuc reporter, which contained a portion of the spliced region of XBP1 upstream of NanoLuc, was highly sensitive and compatible with several types of cell lines. We found that NanoLuc was secreted into the extracellular space independent of the ER-Golgi pathway. The NanoLuc activity of an aliquot of culture medium from the neuroblastoma-spinal neuron hybrid cell line NSC-34 reflected the toxic stimuli-induced elevation of intracellular activity well. Using this technique, we evaluated the effects of several genetic and pathological factors associated with the onset and progression of amyotrophic lateral sclerosis (ALS) on NanoLuc reporter activity. Under our experimental conditions, inhibition of ER-Golgi transport by the overexpression of mutant Sar1 activated luciferase activity, whereas the co-expression of mutant SOD1 or the C-terminal fragment of TDP-43 (TDP-25) did not. The addition of homocysteine elevated the reporter activity; however, we did not observe any synergistic effect due to the overexpression of the mutant genes described above. Taken together, these data show that our analytical procedure is highly sensitive and convenient for screening useful compounds that modulate IRE1-XBP1 signaling pathways as well as for estimating IRE1 activation in several pathophysiological diseases.